Abstract This study reports a randomized clinical trial evaluating the efficacy of an intervention to prepare individuals to communicate BRCA1/BRCA2 results to family members. Women aged 18 years and older, who had genetic testing, and who had adult first-degree relatives, were randomly assigned to a communication skills-building intervention or a wellness control session. Primary outcomes were the percentage of probands sharing test results, and the level of distress associated with sharing. The ability of the theory of planned behavior variables to predict the outcomes was explored. Four hundred twenty-two women were enrolled in the study, 219 (intervention) and 203 (control). Data from 137 in the intervention group and 112 in the control group were analyzed. Two hundred forty-nine probands shared test results with 838 relatives (80.1 %). There were no significant differences between study groups in the primary outcomes. Combining data from both arms revealed that perceived control and specific social influence were associated with sharing. Probands were more likely to share genetic test results with their children, female relatives and relatives who they perceived had a favorable opinion about learning the results. The communication skills intervention did not impact sharing of test results. The proband's perception of her relative's opinion of genetic testing and her sense of control in relaying this information influenced sharing. Communication of test results is selective, with male relatives and parents less likely to be informed. Prevalent psychosocial factors play a role in the communication of genetic test results within families.
Introduction
There is increasing interest in the psychosocial impact of genetic testing, both on the individual who has been tested and on family members who could benefit from knowing the test results. The responsibility for informing relatives of genetic test results falls on the proband, the first family member being tested [1] . The proband must weigh the desire to protect family members from potential harm with the opportunity to provide information that may improve their health. However, this individual may have little knowledge of genetics and/or little skill in communicating complex genetic information to others.
There are several challenges associated with sharing genetic test results within families. Inconclusive and indeterminate results are associated with uncertainty and are conveyed to relatives less frequently than conclusive results [2] [3] [4] . Communicating genetic test results is more distressing for women who are carriers of deleterious BRCA1/2 gene mutations, who are the first tested among their siblings, and whose siblings prove to be non-carriers [5] . Mutation carriers have reported difficulty communicating test results [6, 7] and guilt about potentially having transmitted a mutation to their children [8] . Cancer-related emotional distress is a barrier to diffusion of test results [9] . Other factors interfering with the communication of test results are a history of depression and a highly vigilant pattern of coping with health threats, referred to as monitor status [10, 11] . There is evidence that open, positive family relationships increase the likelihood of disclosure of test results [10, 12] while emotional distance, family conflict, and loss of contact all decrease the likelihood of disclosure [8, 13, 14] .
In our previous research, we found that gender and generation made independent contributions to the prediction of intention to tell genetic test results. Probands reported that they would be more likely to share genetic test results with female than male relatives, and with their children and siblings than their parents [15] .
The aim of this study was to evaluate the efficacy of a communication skills-building intervention to prepare probands to explain their BRCA1/2 test results to first-degree relatives (FDRs). The primary outcomes were the percentage of probands who shared test results with their FDRs and the difficulty and distress experienced in the communication process. In addition, we were interested in knowing whether proband attitudes as well as their perceptions of personal control and social norms related to sharing genetic test results predicted the actual sharing of test results. Exploratory outcomes included proband and relative characteristics which may be associated with communication.
The communication intervention was modeled on Robert Buckman's six-step strategy of communicating medical information [16] . Buckman's technique was designed to help health care professionals effectively and compassionately ''break bad news'' to patients. We adapted his stepped process to the context of genetic counseling to give the proband the tools needed to provide accurate information in an empathic manner [17] .
The theory of planned behavior (TPB) was selected as the framework for the study because of its emphasis on factors that predict the performance of specific health behaviors [18, 19] . According to the theory, the immediate determinant of action is the intention to perform a behavior, such as sharing a genetic test result with relatives. Behavioral intention has three components: positive and/or negative attitudes about the behavior, perception of social influence or pressure to engage in or refrain from the behavior, and beliefs about perceived control over the behavior [20] . The TPB variables have been shown to predict several types of health behaviors, including communication about health-related decisions within families [21] . Applying this theoretical framework to communicating genetic test results, the theory predicts that an individual would engage in this behavior if he/she believed the consequence of sharing test results was valuable (attitude), knew that relatives valued this communication (social influence), and perceived that he/she had the necessary skills to communicate the results effectively (perceived control).
Materials and methods

Sample
Participants for this study were recruited from the Risk Assessment Program (RAP) at Fox Chase Cancer Center. The RAP provides cancer risk education and individual counseling to women at risk for breast and/or ovarian cancer. Women aged 18 years and older, who completed genetic testing for BRCA1/BRCA2, and who had one or more living adult FDRs with whom she would share results were eligible. Both women with breast or ovarian cancer as well as unaffected women were eligible. The study was designed with a sample size of 110 individuals per treatment arm to test the hypothesis that the intervention group would have less distress than the control group following the sharing of their test results, as measured by the Impact of Events Scale-Revised (IES-R) intrusion score. This sample would provide 80 % power to detect differences of 2.7 units or greater (one-sided hypothesis with 5 % Type I); similarly, for the IES-R avoidance score, differences of at least 2.4 units would be detected.
Research design
All human studies have been approved by the appropriate ethics committee and have therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. Eligible individuals were randomly assigned by a computer-generated randomization table in a one-to-one ratio to either the experimental or control group. Probands were stratified by breast/ovarian cancer status (affected vs. unaffected) and by number of eligible FDRs (1-3, 4, 5?). All probands were blinded to assigned study condition. The experimental group that received a communication skills building intervention was compared with a control group that received general nutrition and exercise information. The primary hypothesis was that the experimental group would be more likely to communicate genetic test results to their eligible FDRs and experience less difficulty and distress explaining their genetic test results. It was further predicted that the TPB variables would impact the effect of the intervention on the primary outcome. The association of disease status (affected vs. non affected), genetic test result, as well as psychosocial variables (depression, monitor status, and gender and generation of relative) with communication were explored.
In preparation for implementation of the study, the research staff underwent a thorough training including a review of the study protocol, the study schema and the study materials. They observed two counseling sessions to gain an understanding of the disclosure process, and were guided by the project manager through a workshop where they role played several hypothetical scenarios illustrating potential difficult issues. During the conduct of the study, a random sample of sessions was audio taped for review by the principal investigators for consistency and adherence to the protocol.
Procedure
Normal RAP procedures included an educational session covering risk factors for breast and ovarian cancer, including genetic factors, followed by an individual risk counseling session with a genetic counselor. In the individual counseling session, the counselor expanded the family tree, reviewed the hereditary nature of cancers in the family and discussed the benefits and limitations of genetic testing. For probands wishing to proceed to genetic testing, the genetic counselor described possible test results. Unambiguous test results were described as either ''positive,'' in which an alteration was identified that would increase cancer risk, or ''true negative,'' in which an alteration had been identified in the family, but was not inherited by the proband. ''Indeterminate'' test results were those in which a known BRCA alteration was not identified in the proband or in any other member of the family. ''Inconclusive'' results were those in which an alteration of uncertain significance was found. The potential importance of the test result for other family members was introduced at this session. At the subsequent disclosure session, individuals met with a RAP physician and genetic counselor for disclosure and discussion of their genetic test results. At this session, a more definitive description of the relevance of the test result for other family members was provided. The counselors were blinded to the study condition to which each proband was assigned.
The study procedures were embedded within the normal clinic procedures. See Fig. 1 . If the individual calling the RAP intake line appeared to be eligible, the research study was explained and the study consent and procedures were reviewed. Individuals who expressed interest in the study gave verbal consent and were mailed a packet including a consent form, study brochure, and an extensive family history survey of all cancer diagnoses in first-and seconddegree relatives.
All persons gave their informed consent prior to their inclusion in the study. At the education session, the study consent form was reviewed and signed. A second survey packet was given to the participant to be completed prior to the individual risk counseling session. It included measures of TPB predictor variables, measures of distress related to communicating genetic test results, depressive symptoms, and monitoring coping style. Individuals who decided not to have genetic testing were withdrawn from the study, because they were no longer eligible. Those who planned to be tested were randomly assigned to receive either the intervention or control study condition. The experimental and control programs were delivered in person in two sessions by a trained health educator using a script and illustrated flipchart to standardize the intervention delivery. The script served as a checklist to ensure all key points were discussed. Three months following disclosure, a follow-up survey was sent to the probands (see Fig. 1 ).
Interventions
For those in the experimental arm, the first three steps of the communication strategy were delivered during the individual counseling session. Discussion points included: (1) identifying relatives who could benefit from the information; (2) choosing the communication format (phone, letter, email, etc.); and (3) assessing how much family members already knew and how much they might want to know. The next three steps of the six-step strategy were discussed after the test result disclosure session. These included: (4) sharing the actual genetic test result with family members; (5) responding to family members' emotional reaction to the disclosure; and (6) providing genetic counseling resources for family members. A resource guide outlining cancer risk factors, including family history, the benefits and limitations of genetic testing and the points covered in the six-step communication strategy was given to each intervention participant.
The control group received a wellness education intervention before and after the disclosure of test results. Topics addressed included a review of the United States Department of Agriculture (USDA) Food Pyramid, nutritional guidelines for dietary intake of fats, a discussion of the role of antioxidants and dietary supplements, the benefits of exercise, and information about alcohol use and smoking cessation. Control group participants also received a list of web sites containing nutritional information. Probands in both the experimental and control arms were given a copy of the National Action Plan on Breast Cancer video ''Genetic Testing for Breast Cancer Risk: It's Your Choice.'' Measures Probands completed surveys before the genetic education session, just prior to the disclosure session, and 3 months after the disclosure of test results. Personal characteristics were collected including age, race, ethnic background, education, occupation, marital status and cancer status to ensure comparability of the two study groups. Genetic test results were abstracted from the genetic records.
Study variables
A communication of test results survey was used to identify family members with whom the proband shared test results.
A post disclosure survey contained a 24-item scale completed by the proband to assess what aspects of the genetic test result were difficult and/or distressing to explain. This survey was piloted with over 125 probands who had undergone genetic testing.
The Impact of Events Scale-Revised (IES-R), a 15-item self-report questionnaire, was used to assess intrusion and avoidance, two aspects of distress related to sharing genetic test results [22] .
TPB Theory-Specific Scales
The questions were developed specifically for this research to measure components of the TPB found to be associated with intention to tell genetic test results [15] . The scales were constructed in accordance with Ajzen's recommendations [18] .
Attitude about sharing test results was assessed with a 10-item scale to rate feelings about sharing genetic test results with family members. Each item contained opposite terms (e.g., comfortable-uncomfortable, wise-foolish) with degree of agreement rated on a seven-point scale. The Attitude score reflected the sum of responses for the ten items.
The Subjective Norms Scale rated two components: (1) the proband's perception of each FDRs' opinion about sharing genetic test results; and (2) the likelihood that the proband would be influenced by that relative. The Perceived Behavioral Control Scale contained six items describing the participant's confidence in her ability to share genetic test results (I will be able to explain the results; I have sufficient knowledge, etc.).
Monitor status was assessed using the Miller Behavioral Style Scale (MBSS) [23] that describes four stress-evoking scenarios followed by four statements of monitoring (information-seeking) and four statements of a blunting (information-avoiding) style. Scores above the median are characterized as high monitors, scores below the median as low monitors.
Depression was measured using The Center for Epidemiologic Studies Depression Scale-Revised (CESD-R) a 20-item questionnaire that surveys depressive symptoms and mood disturbance [24] .
Statistical analyses
Analyses were performed using SAS Ò statistical software. Sample size for each analysis varied due to missing or incomplete data. To adjust for dropouts in the analysis, a sensitivity analysis was performed by creating a weighting factor for the probability of returning at 3 months based on the baseline characteristics of the retained and drop-out groups. The variables in the weighting factor included intervention group, education, monitor status, marital status, race, affected status, age, and number of family members with cancer. Results with the weighting factor were similar to the unadjusted results, so only the unadjusted findings are presented here. Differences in demographic variables for those who shared their genetic test results and those who did not were determined with Fisher's exact test for nominal variables, Wilcoxon rank sum test for ordered variables, and t test for continuous variables. Hypotheses related to the TPB were examined with logistic regression using the generalized estimating equation (GEE) methods to adjust for correlations arising from multiple relatives reported by each proband. This procedure used an exchangeable correlation structure to correct for the variable number of relatives associated with each proband and within family dependence in intention to convey genetic test results. Robust standard error estimates were used for statistical inference. The study was not designed nor powered to conduct the exploratory analyses which are presented, and therefore they should be considered as hypothesis generating pilot data.
Results
A total of 446 women were referred to the study between May 1, 2000 and August 31, 2003. Twenty four individuals declined participation or were found to be ineligible. Of the 422 women randomized to the trial, an additional 77 individuals were withdrawn for a variety of reasons (see Fig. 2 ). Differences in withdrawal rates by study group were marginal (intervention group, 14.6 %, control group, 22.2 %, p = 0.06 Fisher's exact test).
Three hundred and forty-five women enrolled in the study. The majority were Caucasian (95 %), married (79 %), and educated beyond high school (77 %). The mean age was 48.5 years (SD = 11.0). Ninety-six participants (28 %) did not complete questionnaires at the 3-month follow-up and were considered ''drop-outs'' from the study. The drop-out rate was similar for both the intervention arm (27 %) and the control arm (29 %), p = 0.63 Fisher's exact test. The only variable associated with retention in the study was age. Older women were more likely to remain in the study (p = 0.016 Fisher's exact test). There were no differences between the arms for race, education, age, marital status or affected status. Participants in both arms listed an average of four relatives per person.
The efficacy of the intervention was evaluated using intention to treat methodology in which all analyses were conducted on the groups as they were originally assigned. Efficacy was examined using logistic regression analysis with GEE analysis to adjust for within family correlations. The primary hypothesis was that the intervention group would be more likely to share their genetic test results with FDRs, and would experience less distress sharing test results than the control group. Ninety-nine percent of probands shared their genetic test results with at least one relative, and 53 % shared test results with all of their FDRs. Overall, probands shared test results with 838 of the 1,046 relatives (80.1 %). Contrary to our hypothesis, there was no significant difference between the intervention and control group in the percentage of probands sharing test results, or in their difficulty and distress in sharing test results (see Table 1 ).
Because of the null result for the primary hypothesis, the experimental and control groups were combined and further analyses were undertaken to determine which variables predicted communication of test results to relatives. Three regression models were examined to explore the impact of the TPB variables and proband and relative characteristics on the primary outcome. In a previous analysis of baseline data from this cohort, three TPB variables (attitude, social norms, and perceived control) predicted intention to tell genetic test results [15] . In regression one, this analysis was repeated in the subset of individuals who completed the study and actually shared results with at least one relative. Results were similar to our previous finding (data not shown).
Having determined that the TPB variables predicted ''intention to tell,'' the second regression analysis, using Withdrawn: n=32 Withdrawn: n=45 Decided against study (13) Decided against study (23) Unable to contact (13) Unable to contact (14) Deceased (1) Deceased (1) Family member ineligible (1) Family member ineligible (1) Other (4) Other (6) Received Intervention: n=187 Received Control: n=158
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Analyzed: n=137 Analyzed: n=112 Fig. 2 Study flow of participants, CONSORT diagram Although attitude predicted intent to share, it did not predict actual sharing of results (see Table 2 ). A third regression was conducted with additional covariates to investigate additional variables associated with sharing genetic test results. The proposed model included perceived control, subjective norms, attitudes, monitoring status, depressive symptoms, communication-related distress, cancer status (affected vs. unaffected with breast or ovarian cancer), type of test result, and gender and generation of the relatives (see Table 3 ). In this model, perceived control remained positively associated with sharing (OR = 1.13, p = 0.0032).
The proband's perception of the relative's opinion of testing (subjective norms) also predicted sharing. If the proband perceived that her relative was in favor of hearing her test result, she was more likely to share her test results.
(OR = 7.20, p \ 0.0001; OR = 11.28, p \ 0.0001, respectively). Low depressive symptoms were predictive of sharing genetic test results (OR = 3.42, p = \ 0.0001). However, attitudes were associated with a slightly lower likelihood of sharing (OR = 0.96, p = 0.0015). Communication-related distress, monitoring coping status and affected status did not predict sharing test results.
Unambiguous results (OR = 2.56; p = 0.0102) were more likely to be communicated than an inconclusive or indeterminate result. Gender and generation of the relative were significant predictors of sharing. Probands were more likely to tell female than male relatives (OR = 4.81, p \ 0.0001) and were more likely to tell their children than Table 4 ).
Discussion
In this study, probands reported sharing their genetic test results with 82 % of their adult FDRs, a figure that is consistent with other studies reporting rates of sharing ranging from 74 to 95 % [8, 25, 26] . We predicted that probands in the intervention arm would be more likely to share their genetic test results, and have less difficulty and emotional distress in doing so than probands in the control arm. These predictions were not borne out. This may be a result of the highly motivated attitude of the women seeking genetic risk assessment, who may initiate the process already committed to providing their genetic information to their family members. This explanation is supported by the probands' high baseline intention to share genetic test results [15] . Another factor may be the thoroughness of the predisclosure and disclosure counseling provided by the counseling team, which may be sufficiently comprehensive to prepare probands for understanding and sharing their genetic test results. This is supported by a similar study based on Buckman's model which also failed to find a difference between the intervention and control arms in sharing test results with family members [27] . We showed in our previous paper that all three TPB variables (Attitudes, Subjective Norms, and Perceived Control) predicted intent to tell [15] . In this study, the proband's perception of her relative's opinion about genetic testing (Subjective Norms) was a strong predictor of sharing her test result with that relative. This is consistent with other findings that supportive family members are more likely to be included in discussions of genetic information [28] , and suggests that a person's perception of what important others think about a behavior is a powerful influence on whether to engage in the behavior. This suggests that interventions to improve family communication should consider each family member's opinion about genetic testing, and should address concerns about the negative impact of the information on family relationships [29] . The proband's confidence in her ability to effectively share her genetic test results (Perceived Control) also strongly predicted whether results were shared. Other studies have shown that an individual's belief that they have the skill to communicate with family members is significantly related to actually initiating a conversation [30] . However, attitudes about sharing genetic test results with family members had a small but significant reverse association. It is possible that if the proband's perception that her relative wanted to hear the genetic test result, and if she felt confident in her ability to relay this information, this would overcome any pre-disclosure reluctance about sharing the results. These findings also highlight what other investigators have described in the use of the TPB, i.e., its component variables perform differently in different situations. For example, attitude was the strongest determinant of intention to obtain an annual Pap smear [31] , to use condoms to reduce the risk of exposure to AIDS [32] , and to obtain a genetic test for a hereditary disease [33] , while perceived control was most effective in predicting exercise in individuals with coronary artery disease [34] . The TPB has been shown in some studies to be culture-sensitive, and to perform differently in males than females, and in new behaviors compared to established behaviors [35, 36] . Some have argued that while the TPB model provides a useful framework for social behavior, the way each of the components of the model shape individual behaviors is to some extent dependent on individual differences [37] . The developers of the model have stated that the relative importance of attitudes, subjective norms and perceived behavioral control will vary for different behaviors and among different populations [38] . This does not negate the value of the TPB but rather suggests a need to be flexible in the weight assigned to each of its components.
In addition to the TPB variables, we found that individuals with higher depressive symptoms were less likely to share their genetic test results. Depression is often associated with pessimism, denial and avoidance tendencies which may negatively impact communicating health information [39, 40] . Probands were more likely to share definitive results (true positive or true negative), which is intuitive as these are the results which have the strongest implications for relatives. Finally, we confirmed the importance of gender and generation in predicting with which relatives the probands shared their genetic test results. The tendency to share test results more often with female relatives has been seen in other studies and likely reflects an awareness of the more immediate relevance of the information for female relatives, the traditional role of women as family caregivers, and the closer emotional ties women may have with female compared to male relatives [2, [41] [42] [43] . The probands in this study were most likely to share their genetic test results with their children, for whom they are likely to feel the strongest responsibility. While our data do not support the efficacy of this communication skills-building intervention to improve the communication of genetic test results, we were able to elucidate the contribution of the TPB to our understanding of the factors that predict sharing of test results. This data also highlights the selective nature of the decision to share test results, with female relatives and offspring being the most likely recipients. We identified the importance of the proband's perception of her relative's opinion of genetic testing and the perceived ability to relay this information, in the decision to share. It also points to the role of depression as an independent factor impacting the communication process. Our findings illustrate the complex nature of intrafamilial communication, which is influenced by many personal, familial and social forces. Rather than enhancing the content of the information given, genetic counseling strategies that assess personal and familial barriers to communication may provide more targeted support and may facilitate more open sharing within the family. In line with other studies showing the importance of the extent of the communication process on the impact genetic testing information has on relatives [44] , our next paper will examine those factors which are associated with actual understanding of the test results by the informed relatives.
Limitations of the study
This study has the advantage of a randomized design grounded in a theoretic model. The sample was derived from a high-risk clinic whose participants are mainly well educated Caucasian women, and therefore not representative of the average population. However, they are representative of the group of women who to date have pursued genetic risk counseling and genetic testing. Most of them presented already knowledgeable about their familial risk and about the option to pursue testing for BRCA1/2, which could have minimized the impact of our intervention. It is not known if this intervention would have had different results for men who pursue BRCA1/2 testing. Future interventions may be more effective if they are directed specifically to communication with those relatives who are less likely to be informed of the test result, e.g., male relatives.
